Genotyping variants in the human genome has proven to be an efficient method to identify genetic associations with phenotypes. The distribution of variants within families or populations can facilitate identification of the genetic factors of disease. Illumina's panel of genotyping BeadChips allows investigators to genotype thousands or millions of single nucleotide polymorphisms (SNPs) or to analyze other genomic variants, such as copy number, across a large number of DNA samples. These SNPs can be spread throughout the genome or targeted in specific regions in order to maximize potential discovery. The Infinium assay has been optimized to yield high-quality, accurate results quickly. With proper setup, a single technician can process from a few hundred to over a thousand DNA samples per week, depending on the type of array. This assay guides users through every step, starting with genomic DNA and ending with the scanning of the array. Using propriety reagents, samples are amplified, fragmented, precipitated, resuspended, hybridized to the chip, extended by a single base, stained, and scanned on either an iScan or Hi Scan high-resolution optical imaging system. One overnight step is required to amplify the DNA. The DNA is denatured and isothermally amplified by whole-genome amplification; therefore, no PCR is required. Samples are hybridized to the arrays during a second overnight step. By the third day, the samples are ready to be scanned and analyzed. Amplified DNA may be stockpiled in large quantities, allowing bead arrays to be processed every day of the week, thereby maximizing throughput.
Introduction
Typing single nucleotide polymorphisms (SNPs) is a key method of identifying risk variants associated with disease. Historically, the scope of genotyping experiments has been limited by the technology available. Gel electrophoresis-based genotyping methods are limited in sampleand SNP-throughput [1] . Developing these assays can often be labor-intensive, relying on the makeup and structure of the region surrounding the variant for optimization [1] . TaqMan genotyping assays, developed by Life Technologies, can run a large number of samples quickly and with minimal technician involvement [2] , but SNP-multiplexing restrictions continue to limit the total number of genotypes to well under one million per day [3, 4] . Sequenom's iPlex platform can also run many samples at once, but, as fewer than one hundred SNPs can be multiplexed together, throughput is comparably low overall [5] . Beckman Coulter's SNP stream technology could theoretically produce over three million genotypes per day, but this technology limits project range to a maximum of only forty-eight SNPs per reaction [4, 6] . While the GoldenGate assay can process nearly two hundred DNA samples each day on hundreds or thousands of SNPs per sample, the price per genotype is not competitive with advanced, ultra-high-throughput techniques when typing over three thousand SNPs at once [4, 7] . In order to process several million genotypes per day, the scale required for large genome-wide association studies, array-hybridization assays have become the most cost-effective option on the market.
Affymetrix's line of hybridization arrays and Illumina's line of Infinium-based arrays allow potentially hundreds of samples to be typed on hundreds of thousands or millions of SNPs in parallel [4, 8] . These SNPs can be scattered across the entire genome, localized in regions of interests, such as exomes, or customized to the user's preference. These arrays have the benefit of not only being able to accurately genotype one million SNPs per sample at once, but also to measure copy number variation, potentially unveiling chromosomal abnormalities. Infiniumaligned OMNI BeadChip arrays currently have the ability to genotype up to nearly five million markers per sample, including half a million custom loci, on up to nearly one hundred samples each day.
As most diseases have a genetic component, these large-scale experiments can be crucial in finding genes associated with disease. Highthroughput genotyping allows for efficient genotype generation in sample sets large enough to convincingly detect genetic association at lower minor allele frequencies. Whole-genome genotyping projects can be used to locate regions with statistically significant case-control allele frequency or copy number differences Different versions of the Infinium assay exist, each intended for use with specific types of arrays. The InfiniumUltra assay, discussed in depth below, is appropriate for many 12-or 24-sample array chips. These often genotype over a hundred thousand SNPs per DNA sample and focus on targeted regions, such as on exome or custom panels. Other assay versions might be required for other chip types, such as the wholegenome genotyping arrays. However, as all Infinium assays share a common basis and mainly differ only by the reagent names, the reagent volumes, or the exact staining reagent procedure, techniques perfected on one assay version can often be universally applied. Other arrays, such as methylation arrays, might use a nearly-identical protocol, as well. Care must be taken to only use the version of the assay required for the chip type in use. Some types, such as ones measuring gene expression level, might require use of a nonInfinium protocol.
Samples must be processed in batches. For example, with the InfiniumUltra assay, prehybridization reagent tubes contain enough volume to run 96 samples, and the tubes cannot be refrozen. Therefore, samples must be run in batches of 96 samples at a time. The samples will be amplified on the first day. After approximately 1 hr of benchwork, the samples must be heated in a convection oven for 20-24 hr. The following day, nearly 4 hr will be spent fragmenting, precipitating, and resuspending the samples, at which point the samples can either be frozen for future use or hybridized to the chip. Loading chips takes nearly 2 hr, after which the samples will be hybridized overnight for 16-24 hr. On the third day, the staining and extension step takes ~4 hr. A further hour will be spent washing, coating, and drying the chips. Finally, the arrays are scanned, which may take from 15-60 min/chip, depending on the type used.
Standard laboratory safety and cleanliness precautions apply. Though the amplification is not PCR-based, separate workstations for pre-and postamplification procedures are necessary in order to minimize likelihood of contamination. The identification number of every kit-supplied reagent in use must be logged on a tracking sheet. Reagents should be thawed immediately before use and inverted several times before dispensing. The DNA to be typed must be high-quality genomic DNA (260/280 absorbance ratio of 1.6-2.0, 260/230 absorbance ratio of below 3.0), isolated by standard methods and quantified with a fluorometer. Degradation of DNA is often a contributing factor in low-quality assay results. Typically, 200 ng of DNA is required, though this amount may vary for some chip types. A Tecan liquid-handling robot can automate many steps of the protocol and minimize human error as a factor.
Protocol
Day One
Preparation
1. Dispense 200 ng of DNA into a deep-well, 96-sample plate. At least 96 samples (full plates) must be plated to ensure no reagent will be wasted. Label the plate with a barcode sticker supplied by the kit and centrifuge it. 2. In order to normalize the volumes, leave the samples in a drawer or fume hood overnight to evaporate the liquid. Cover the plate loosely with a lid or paper towel to keep out dust.
Amplification
WARNING: samples should not undergo amplification unless 4 hr will be available on the following day for the fragmentation, precipitation, and resuspension steps.
1. Remove the company-supplied box or pack of tubes labeled "Pre" from the -20 °C freezer (one tube of MA1, MA2, and MSM is sufficient for each set of 96 samples). Set tubes of MA2 and MSM on the bench to thaw. Turn on properly-calibrated oven and set to 37 °C. 2. Using a reagent basin and a 10 µl, 8-channel pipette, dispense 4 µl of DNA Resuspension Buffer into each well to rehydrate the samples. It is not necessary to discard pipette tips between each column if care is taken not to touch liquid. 3. With an 8-channel pipette, dispense 20 µl of MA1 into each well of the plate. For each new reagent, use a fresh reagent basin. Cover the plate with a reusable seal, pulse-centrifuge, and vortex for 1 min at 1,600 rpm on a microplate shaker. 4. 2.4) Incubate at room temperature for at least 30 min. 5. Dispense 4 µl of 0.1 N NaOH into each well of the plate. Cover the plate with the reusable seal, pulse-centrifuge, and vortex for 1 min at 1,600 rpm. 6. Incubate at room temperature for 10 min. 7. Dispense 34 µl of MA2 into each well of the plate. 8. Dispense 38 µl of MSM into each well of the plate. Cover the plate with the reusable seal, pulse-centrifuge, and vortex for 1 min at 1,600 rpm. 9. Place in oven for 20-24 hr.
Day Two

Fragmentation
Precipitation
1. Remove PM1 tube from "Post-3" 4 °C box or pack and warm to room temperature (one tube is sufficient for each set of 96 samples). Remove plate from heat block and pulse-centrifuge. 2. Dispense 50 µl of PM1 into each well of the plate. Replace the lid, pulse-centrifuge, and vortex at 1,600 rpm for 1 min. 3. Incubate plate in heat block for 5 min. 4. Remove plate from heat block, turn it off, and discard the plate lid. Dispense 155 µl of 100% isopropanol into each well of the plate. Cover tightly with a new lid and manually invert the plate multiple times to mix. 5. Place plate in 4 °C for a minimum of 30 min. Turn on refrigerated centrifuge and set to 4 °C to cool. 6. Balance the plate and centrifuge at 4 °C for 20 min at 3,000 x g. 7. Inspect the bottom of the plate without inverting it and confirm the samples are precipitated in a blue pellet. If no pellets can be seen, centrifuge again. Get paper towels. 8. Discard the lid and quickly remove the liquid by inverting the plate and tapping it forcefully on the benchtop covered in paper towels. Once the plate is inverted, take care not to revert it while any liquid remains. Repeatedly tap the plate against the benchtop until all liquid is removed. 9. Set the plate on a test tube rack, inverted, to dry. Incubate at room temperature for 1 hr.
Resuspension
1. Remove RA1 from "Post-2" -20 °C box and thaw in room temperature water bath. Turn on the oven and set it to 48 °C. 2. Once thawed, dispense 23 µl of RA1 to each well of the sample plate. Do not pour the entire bottle of RA1 into the basin; save 30 ml for later.
If the samples will be hybridized onto the arrays later that day, place the RA1 into a 4 °C cooler. If the samples will be run at a later date, label the bottle and refreeze the RA1. 3. Heat-seal a new lid onto the plate. Pulse-centrifuge the plate and place it in the oven for 1 hr. 4. Remove the plate from the oven and vortex at 1,800 rpm for 1 min.
The samples can safely be held at this stage for up to one week. Plates may be stockpiled, and samples may be reorganized to prepare for the bead chip application, if necessary. If proceeding with the procedure, leave the plate at room temperature and turn on the heat block. Otherwise, store the plate at -20 °C.
Hybridization
WARNING: Samples should not undergo hybridization unless 5.5 hr are available on the following day for the staining and wash steps.
1. Turn on the heat block and set it to 95 °C. Turn on the oven and set it to 48 °C. 2. Once the temperature has stabilized, incubate the plate on the heat block for 20 min. 3. While the plate is denaturing, remove the box of bead chips from 4 °C and set it on the bench. Take a bottle of XC4 (from room-temperature kit) and add 330 ml of 100% ethanol. Shake it well and incubate at room temperature overnight. Prepare formamide/EDTA mix (95% formamide, 0.2% EDTA (0.5 M), 4.8% H 2 O by volume) and freeze in separate 15 ml increments. Excess formamide may be stockpiled. 4. Remove the sample plate from the heat block. Incubate at room temperature for 30 min. 5. While the plate is cooling, prepare the hyb chamber. One chamber will be needed for every four bead chips processed.
Place a rubber mat on the top of the hyb chamber base, aligning the thicker hole with the front of the base. The barcode symbol etched into the base should still be visible (see Figure 2) . 6. Using a 1,000 µl pipette, dispense 400 µl of PB2 into each of the eight humidifying reservoirs carved into the base. PB2 can be found in "Post-3" box or pack. Place the hyb chamber lid on the base and clasp both ends by closing two clasps on diagonally opposite sides first. 7. Remove the individual silver packs of bead chips from their respective boxes, but, in order to minimize the chips' exposure to air and light,
do not yet open them. Carefully scan the barcodes of the chips and record the order in which they will be loaded on a tracking sheet, along with the box IDs from which they came. A thorough understanding of where each individual DNA sample will be dispensed on the bead chips is necessary. 8. Remove the individual silver packs of bead chips from their respective boxes, but, in order to minimize the chips' exposure to air and light,
do not yet open them. Carefully scan the barcodes of the chips and record the order in which they will be loaded on a tracking sheet, along with the box IDs from which they came. A thorough understanding of where each individual DNA sample will be dispensed on the bead chips is necessary. 9. Just before the 30 min cool down has completed, open the silver bead chip packs. Remove the chips from their clear plastic sleeves. Without touching the beads, place every bead chip on a hyb chamber insert, orienting the chip barcode with the barcode symbol etched into the insert's top surface. 10. Peel off and discard the lid of the sample plate. Take 15 µl of sample from the sample plate and slowly dispense on the inlet to the array (see Figure 3) . Extraordinary care must be taken to place the correct sample on the correct bead chip in the correct position, matching the bead chip order recorded earlier. A multichannel pipette may be used to dispense liquid on the chips, but forethought must be taken to aspirate only the number of samples that can be safely placed on the bead chip, as the number of rows on a plate does not always match the number of rows on a chip. 11. Once every sample has been placed on its corresponding array, visually inspect the chip for bubbles or regions not coated in liquid. If these problems exist, gently rock the insert. If necessary, more liquid may be added to array. Take care to add the correct DNA sample. 12. Open the hyb chamber and place the inserts over the humidifying reservoirs. The barcode of the chip should be placed over the barcode etched into the hyb chamber base. Replace the hyb chamber cover and close all four clasps by closing the clasps on diagonally opposite sides first. 13. Incubate the hyb chamber in the oven for 16-24 hr. Take care not to tilt the chambers when moving them. 14. If more than one plate is to be processed, return to step 6.2. Processing more than 24 bead chips in a day is not recommended in order to both minimize the likelihood of human error when handling a large quantity of consumables or chips and to minimize the amount of time
To maximize sample throughput, multiple sample plates can be amplified and stored in their fragmented, resuspended states. Eight plates may be amplified in a single day, combining the first 24 hr of the protocol for multiple batches and providing enough material for ~2-8 days of chipprocessing. If amplified plates are stockpiled beforehand, and if new samples are hybridized to chips immediately after scanning begins on the previous run, processing can run continuously without the need to pause for additional sample preparation. Therefore, though samples will take three days to undergo the complete assay, data can be generated daily. Assuming24 chips are processed every day, a 5 day workweek allows for over a 1,000 DNA samples to be run on a 12-sample bead chip. If any step or reagent has failed, however, multiple batches might be at risk for poor performance before any correction can be applied. Errors might escape notice until the arrays are scanned or analyzed; therefore, if throughput is maximized, hundreds of samples in various stages of the protocol might already have received the same defective treatment upon discovery. As lost reagents and data cannot be recovered, the user must weigh these risks against the need for an accelerated workflow.
The GenomeStudio analysis software is the first chance to truly gauge the success of the genotyping process. If the Norm-R vs. Norm-Theta intensity plots are properly clustered, the average call rate (percent of total SNPs successfully typed) of the samples should approach 99%, though this value varies slightly depending on array type. The data from any sample with a call rate lower than 85-90% is not trustworthy and should be discarded. For quality control purposes, results should be compared to any previously-known genotypes whenever possible. If no such data exists, intentional sample duplication is a useful tool in verifying plate or array placements. These duplicate pairs should be placed on separate chips, plates, batches, or projects; their genotypes checked upon generation. While specific QC constraints vary according to the investigator's preference, common SNP constraints are based on sample call success, Hardy-Weinberg equilibrium, or missingness between cases and controls, while common sample constraints are based on call rates, Mendelian inconsistencies, or cross-references of X-chromosome heterozygosity to clinical gender data [13] .
If any problem arises, the Controls Dashboard, found in the analysis suite, can be submitted to the company in order to determine cause. These controls can often narrow down the issue to the likeliest step or reagent failure. If any SNPs of interest are found through an Infinium genotyping experiment, their intensity plots should be double-checked in GenomeStudio for clustering errors before further research is conducted.
A failed Infinium genotyping experiment is likely due to human processing error or poor-quality input DNA. Sample quantification must be accurate and precise. For best results, any reagents added to any sample or chip must be dispensed at the volume set by the protocol. Pipettes must be properly calibrated. Reagents should not be run after expiration and should not be refrozen once thawed, save for the RA1 reagent. In order to minimize possible staining and extension errors, the formamide/EDTA mixture should be prepared fresh every month. All -20 °C reagents should be stored in manual-defrost freezers only. All labware used in the staining, extension, and wash portions of the protocol should be rinsed thoroughly with water and mild detergent immediately upon disuse. The humidifying reservoirs in the hyb chamber should be scrubbed with a test tube brush and mild detergent. The glass slides should be washed with 10% bleach, as instructed by their user manuals, once a week.
Disclosures
The authors of this article have no competing financial interests to disclose.
